I parameterize for adult male Odonata a published dynamic programming model which solves for optimal diurnal activity rhythms. Individuals have the choice of either foraging or reproductive activity during fine weather whilst between active days they must remain immobile. The decision to mate or forage depends on current energy reserves and the optimal solution is found by maximizing expected lifetime reproductive success. By varying the value of parameters in the model I investigate how activity rhythms may be expected to change with different ecological or physiological circumstances. The new formulation produces an output similar to the previous formulation and predicts some notable features of dragonfly activity routines. In particular energy expenditure between active days selects for evening foraging at the expense of reproductive activity, and a diversity of activity rhythms can be generated if activity profitability depends on time of day. The model makes explicit some general principles about the factors governing odonate activities and illustrates how some dynamic models may be applicable to a variety of biological systems.
INTRODUCTION
Adult Odonata have proved valuable model organisms for testing ideas about how natural selection moulds interactions between the sexes, particularly in relation to sexual selection and the evolution of mating systems (THORNHILL & ALCOCK, 1983; WAAGE, 1984; DAVIES, 1991; CONRAD & PRITCHARD, 1992) . Current theory suggests that both these factors are influenced by the relative distributions of males and females in time and space (EMLEN & ORINGS, 1977; SUTHERLAND, 1987; DAVIES, 1991; C.f. ARNOLD & DUVALL, 1994) . Connected with such distributions, adult Odonata display a great diversity of diurnal activity rhythms (CORBET, 1962 (CORBET, , 1980 MAY, 1984) , and the explanation of such behaviour patterns thus presents ecologists and evolutionary biologists with a considerable and important challenge.
One barrier to progress in the understanding of diurnal activity rhythms is that many different ecological and physiological factors may influence short-term changes in behaviour. This makes it difficult to make confident predictions about the effect of one factor independently of other potential influences. However, by experimenting with dynamic, or state-dependent, models (HOUSTON et al., 1988; MANGEL & CLARK, 1988) , researchers have begun to overcome this problem (e.g. MCNAMARA et al., 1987; IWASA & OBARA, 1989; BEDNEKOFF & HOUSTON, 1994) . Such models can optimize over short term changes in behaviour and allow individual parameters to be varied independently.
They may make robust predictions about how each factor in the model might effect diurnal activity. Such predictions can then be tested on real, presumably more complex, systems. In this paper I apply this approach to the behaviour of adult Odonata for the first time.
Empirical knowledge of the activities of adult Odonata is largely based on field observations of territorial males (PARR, 1983a) . The quality and scope of observations is highly variable -most studies contain only anecdotal descriptions of the behaviour of populations, whilst some follow individual insects quantitatively throughout the daylight period. A summary of quantitative studies is given by MAY (1984) . MAY (1984) emphasizes the importance of two broad categories of behaviour which together constitute a large fraction of the activity of adult males; foraging, and reproductive activities (which includes territorial defense, courtship, and mate-guarding as well as actual copulation).
Reproductive activity (as may be expected in ectothermic or poikilothermic organisms) commonly peaks around midday or early afternoon (CORBET, 1957; HIGASHI, 1973; CAMPANELLA, 1975; FRIED & MAY, 1983; PARR, 1983; KAISER, 1985; ROBINSON & FRYE, 1986; MICHIELS & DHONDT, 1989) , although this is by no means universal. For example Onychogomphus forcipatus is most active in the evening (MILLER & MILLER, 1985b) , whilst Sympetrum depressiusculum mates only in the morning. Nesciothemis nigeriensis engages in variable bouts of territorial aggression throughout the day and males also fight in the late evening (PARR & PARR, 1974) .
Foraging behaviour is less often included in empirical observations, but it tends to peak at different times of day to mate-finding (ASAHINA, 1950; CORBET, 1957; HIGASHI, 1973; MILLER, 1982; PARR, 1983b; MILLER et al., 1984; MICHIELS & DHONDT, 1989; MAYHEW, 1994) , which suggests that there is a trade-off in the time that individuals can allocate to these different activities.
Both early morning and evening foraging activity is observed in Epiophlebia superstes (ASAHINA, 1950) , Sympetrum frequens (HIGASHI, 1973) and Orthetrum coerulescens (PARR, 1983b) , whilst feeding is more
